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ABSTRACT 

The f e a s i b i l i t y  o f  u s i n g  a 40" t e l e s c o p e  t o  v i s u a l l y  

If t h e  p robe  i s  seen  a g a i n s t  a s t a r  f i e l d  background,  

o b s e r v e  a f l a s h i n g  beacon on a p robe  a t  t h e  t i m e  o f  midcourse  
maneuver from a manned s p a c e c r a f t  app roach ing  Mars has been  
s t u d i e d .  
v i s u a l  o b s e r v a t i o n  appea r s  f e a s i b l e  f o r  p robe  a r r i v a l  times 
l e s s  t h a n  24  h o u r s  b e f o r e  manned s p a c e c r a f t  p e r i a p s i s .  F o r  a 
p robe  viewed a g a i n s t  a f u l l y  i l l u m i n a t e d  p l a n e t ,  p robes  a r r i v -  
i n g  less t h a n  4 h o u r s  b e f o r e  manned s p a c e c r a f t  p e r i a p s i s  may be 
v i s u a l l y  obse rved .  It i s  a l s o  shown t h a t  a l a n d e r  p robe  on a 
f u l l y  i l l u m i n a t e d  p l a n e t  which i s  s u b r e s o l u t i o n  1 hour  b e f o r e  
manned s p a c e c r a f t  p e r i a p s i s  can be obse rved  a t  t h i s  t i m e  by 
u s i n g  a s t r o b e  l i g h t  r e q u i r i n g  less t h a n  34 j o u l e s  p e r  f l a s h .  

A 



. 

BELLCOMM, INC. 
955 L'ENFMT PUU NORM, S.W. WASHINGTON, D. C. 20024 

SUBJECT: V i s u a l  Obse rva t ion  o f  P l a n e t a r y  Probes  DATE: September 1 9 ,  1968 
on Manned Encounter  Miss ions  t o  Mars 
Case 710 FROM: C .  L. Greer 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

It n a s  been sugges t ed  t h a t ,  on manned e n c o u n t e r  m i s -  
s i o n s  t o  Mars, a 40" a s t r o n o m i c a l  t e l e s c o p e  b e  used  as a n  a n g l e  
measu r ing  d e v i c e  t o  a i d  i n  de t e rmin ing  t h e  t r a j e c t o r y  o f  p robes  

l eas t  two t y p e s  of  a p p l i c a t i o n s  have been  i d e n t i f i e d .  One i s  
t h e  t r a c k i n g  of a probe  i n  f l i g h t  b e f o r e  and a f t e r  a midcourse  
maneuver. A second case would b e  t h e  l o c a t i o n  of a l a n d e r  p robe  
on t h e  p l a n e t  s u r f a c e .  T h i s  would app ly  t o  t h e  Mars S u r f a c e  Sample 
R e t u r n  (MSSR) p r o b e ( 3 )  where its p o s i t i o n  on t h e  Mars s u r f a c e  must 
be  de t e rmined  t o  s p e c i f y  launch c o n d i t i o n s .  

l aunched  from t h e  manned s p a c e c r a f t  t o  t he  p l a n e t .  (1,2) A t  

The o b j e c t  of t h i s  p a p e r  i s  t o  de t e rmine  c o n d i t i o n s  
unde r  which a s t r o b e  beacon on the  p robe  can b e  observed  u s i n g  
a 40, t e l e s c o p e  at t h e  manned s p a c e c r a f t .  

The a n a l y s i s  c o n s i d e r s  manned s p a c e c r a f t  V m ' s  i n  t h e  

r a n g e  from 4 km/sec t o  10 km/sec, x h i c h  i r . c ludes  mnst  of  t h e  Mars 
encounter m i s s i o n s ,  and probe a r r i v a l  t imes from 2 hour s  t o  24  
h o u r s  b e f o r e  manned s p a c e c r a f t  p e r i a p s i s  . 
Probe A r r i v a l  T i m e s  

O f  t h e  p o s s i b l e  Mars e n c o u n t e r  m i s s i o n s ,  on ly  t h e  1975 s i n g l e  
p lane t  m i s s i o n  has been  s t u d i e d  i n  any d e t a i l .  

The p robe  pay load  c o n s i s t s  of t h r e e  aero-drag  p r o b e s ,  a photo- 
g r a p h i c  o r b i t e r ,  a g e o p h y s i c a l  l a n d e r ,  and a n  MSSR v e h i c l e .  The 
co r re spond ing  mis s ion  sequence p l a n  s c h e d u l e s  t he  ae ro -d rag  p robes  
t o  a r r i v e  a t  2 4 ,  20 ,  and 1 6  hours  b e f o r e  manned s p a c e c r a f t  p e r i a p -  
sis. The pho tograph ic  o r b i t e r  a r r i v e s  3.5 h o u r s  b e f o r e  s p a c e c r a f t  
p e r i a p s i s ,  and t h e  MSSR and g e o p h y s i c a l  l a n d e r  a r r ive  a t  2 . 4  and 
2 h o u r s  e a r l y ,  r e s p e c t i v e l y .  

An exper iment  a y l o a d  
has been p o s t u l a t e d  (3) and a m i s s i o n  sequence  p l a n  o u t l i n e d .  ( 415 
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A g e n e r a l  experiment  pay load  f o r  d u a l  P l a n e t  m i s -  
s i o n s  t o  Mars and Vehus i s  d e s c r i b e d  i n  Reference  5. The o n l y  
p robes  c o n s i d e r e d  f o r  a Mars e n c o u n t e r  were MSSR p r o b e s .  A gen- 
e r a l  m i s s i o n  sequence p l a n  does n o t  e x i s t  b u t  i t  i s  e x p e c t e d  t h a t  
t h e  MSSR probes  would b e  schedu led  t o  l a n d  2 t o  4 hour s  b e f o r e  
s p a c e c r a f t  p e r i a p s i s .  

Fo r  t h e  midcourse maneuver s t r a t e g y  used  t h e  s e p a r a t i o n  
d i s t a n c e  at  t h e  t i m e  o f  midcourse i s  maximum f o r  t he  2 4  hour s  
e a r l y  a r r i v a l  and minimum f o r  2 h o u r s  e a r l y  a r r i v a l .  These v a l u e s -  
o f  t i m e  o f  a r r i v a l  were t a k e n  as ex t rema,  s o  t h e  a n a l y s i s  i s  v a l i d  
f o r  i n t e r m e d i a t e  times o f  a r r i v a l .  

Probe Midcourse Maneuver 

The o p t i m a l  midcourse maneuver o r  maneuvers f o r  p robes  
have  n o t  been de termined .  The p rocedure  used i n  Reference  2 was 
t o  pe r fo rm a s i n g l e  midcourse maneuver when a probe  had completed 
one h a l f  o f  i t s  f l i g h t .  The s t r a t e g y  used  i n  t h i s  s t u d y  i s  t o  
i n j e c t  t h e  p robes  a t  4+10 km w i t h  a s i n g l e  midcourse maneuver a t  
4 h o u r s  b e f o r e  probe  e n t r y .  
unde r  c e r t a i n  e r r o r  assumpt ions ,  f o r  p robes  a r r i v i n g  1 2  t o  2 4  h o u r s  
b e f o r e  s p a c e c r a f t  p e r i a p s i s .  The r ange  a t  probe  i n j e c t i o n  i s  con- 

and d e l a y i n g  t h e  midcourse  u n t i l  4 hours  b e f o r e  p robe  e n t r y  pro-  
duces  l a r g e r  s e p a r a t i o n  d i s t a n c e s  t h a n  pe r fo rming  t h e  maneuver 
a f t e r  one h a l f  o f  a p r o b e ' s  f l i g h t .  S i n c e  the  i l l u m i n a t i o n  from 
a p o i n t  s o u r c e  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  sepa-  
r a t i o n  d i s t a n c e ,  t h i s  a f i a l y s i s  i s  m l i d  fcr midcourse  maneuvers a t  
s m a l l e r  separa t i  on d i s t a n c e s .  

6 
T h i s  p rocedure  was shown t o  b e  optimum, 

6 

s i s t e n t  w i t h  o t h e r  s t u d i e s  f o r  smal l  AV i n j e c t i o n  r e q u i r e m e n t s ,  7 

U s e f u l  Approximations 

i s  a c c u r a t e  t o  two p l a c e s .  
The fo l lowing  se t  of  approximat ions  i s  easy t o  u s e  and 

T ime  from s p a c e c r a f t  p e r i a p s i s  a t  a d i s t a n c e  D 

AV r equ i r emen t s  f o r  a p robe  t o  r e a c h  the  p l a n e t  a t  t i m e  AT b e f o r e  
s p a c e c r a f t  p e r i a p s i s  

AV = - AT *V . T-AT 03 
(2) 

S e p a r a t i o n  d i s t a n c e  a t  t ime AC b e f o r e  probe  e n t r y  

( 3 )  R = AV(T-AT-AC). 
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S u b s t i t u t i n g  f o r  AV i n  Equa t ion  ( 3 )  from Equa t ion  ( 2 )  

( 4 )  . R = AT 3C V m  (I-- Ac ). T- AT 

The accu racy  of t h e  approx ima t ions  was determined  by 
u s i n g  a two body t a r g e t i n g  program w i t h  V a t s  Of 8 .56 km/sec and 
4.0 km/sec, p robe  e a r l y  a r r i v a l  times Of  24 and 2 h o u r s ,  p robe  
i n j e c t i o n  when t h e  s p a c e c r a f t  Was 4elO km from t h e  p l a n e t ,  and 
s e p a r a t i o n  d i s t a n c e  between probe  and s p a c e c r a f t  computed a t  4 
h o u r s  b e f o r e  probe  impact  w i th  t h e  p l a n e t .  The numer i ca l  s t u d y  
i n d i c a t e s  t h a t  aDproximations are a c c u m t e  t o  two p l a c e s  f o r  

6 

TJm - > 4 km/sec, D - > 1810 km, AC - > 4 hOUP8, and AT - > 2 hours .  5 

V i s u a l  T rack ing  o f  Probes 

I n  a p r e v i o u s  s t u d y  D. B. James2 i n v e s t i g a t e d  t h e  fea- 
s i b i l i t y  of  v i s u a l l y  t r a c k i n g  probes  f o r  a 1975 Mars e n c o u n t e r  
m i s s i o n .  It  was assumed t h a t  t he  probe would be s e e n  a g a i n s t  a 
f u l l y  i l l u m i n a t e d  p l a n e t  and t h a t  a probe  would b e  v i s i b l e  if i t  
appea red  as la rge  as a r e s o l u t i o n  elwnent. Whether a p robe  i s  Seen 
a g a i n s t  a s t a r  f i e l d  background o r  a p l a n e t  background i s  a f u n c t i o n  
of t h e  p robe  t a r g e t  p o i n t ,  t ime of a r r i v a l ,  and t i m e  of v i s u a l  
t r a c k i n g .  The p r e s e n t  s tudy  c o n s i d e r s  probe  v i s i b i l i t y  a g a i n s t  a 
s t a r  f i e l d  background and a p l a n e t  background. ---_-- 

If a p robe  i s  seen a g a i n s t  a s t a r  f i e l d  background, i t  
must appea r  as b r i g h t  as a 6 t h  magnitude s t a y  t o  t h e  e y e  of t he  
o b s e r v e r .  T h i s  b r i g h t n e s s  i s  t h e  s t a n d a r d  l i m i t  o f  v i s i b i l i t y .  
The i l l u m i n a n c e ,  L,  ( i l l u m i n a t i o n  i n c i d e n t  upon a s m f a c e )  frox a 
6 t h  magnitude s t a r  i s  1.05*10" lmens/km". Assuming i i i 0  ul̂  a 
second i s  t h e  r e sponse  t ime,  T ,  of t h e  e y e ,  t h e  i n t e g r a t e d  i l l u -  
minance, LT, r e c e i v e d  by t h e  e y e  is 1.05*10-3 lumens-sec/km2. 
t h e  s e p a r a t i o n  d i s t a n c e s  u n d e r  c o n s i d e r a t i o n ,  a p robe  w i t h  a l i g h t  
s o u r c e  w i l l  appea r  as a p o i n t  Source O f  l i g h t .  The e q u a t i o n  f o r  
i l l u m i n a n c e  at a d i s t a n c e  R from a p o i n t  s o u r c e  w i t h  luminous f l u x  
F i n  lumens i s  

9 3 

A t  

F 
47~R 

L = -  ( 5 )  2 -  

I f  t h e  luminous f l u x  i s  focused i n t o  a beam of  l i g h t  w i t h  cone 
a n g l e  a ,  t h e  e q u a t i o n  f o r  i l l u m i n a n c e  a t  a d i s t a n c e  R becomes 

F ( 6 )  L =  
27TR2(1-cos(a/2)) 
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The l i g h t  g a t h e r i n g  power o f  a 40" t e l e s c o p e  may b e  
e s t i m a t e d  by assuming t h e  d i ame te r  of t h e  l e n s  o f  t h e  human eye  
t o  be 1/5". The g a i n  o f  a 40" t e l e s c o p e  under  t h i s  assumpt ion  i s  

The e q u a t i o n  f o r  i l l u m i n a n c e  u s i n g  a t e l e s c o p e  w i t h  g a i n  G and 
f o c u s i n g  i n t o  cone a n g l e  a w i t h  50% e f f i c i e n c y  i s  

FG 
2 ( 7 )  L =  

47rR ( l -CoS(u/2) )  

Fo r  a cone a n g l e  of  5", i n t e g r a t e d  i l l u m i n a n c e  o f  
2 4 1.05~10-~ lumen-sec/km , and a g a i n  o f  4810 , t h e  i n t e g r a t e d  

luminous f l u x  r e q u i r e d  i s  
- 10 2 TF = 3.13810 n R lumen-sec. 

T h e  range  a t  midcourse maneuver for a p robe  a r r i v i n g  24 

luminous f l u x  r equ i r emen t  i s  213 lumen-sec. Using a s t r o b e  l i g h t  
g e n e r a t i n g  50 lumen-sec/joule would r e q u i r e  4 .3  j o u l e s .  A t  a p u l s e  
r e p e t i t i o n  r a t e  o f  1 p e r  second,  t h e  ave rage  power r e q u i r e d  i s  4 .3  

-wa% .- Tktt, e s f t & d e & w & y - ; t v e ~ a g e  p e w e ~  wtti-reme& ,+W& 
t r a c k i n g  o f  p robes  w i t h  a s t a r  f i e l d  background i s  f e a s i b l e  f o r  
d i s t a n c e s  less  t h a n  8.243~10 km. 

h o u r s  e a r l y  w i t h  a VoD o f  1 0  km/sec i s  8.24810 5 km. The i n t e g r a t e d  

5 

If an  i l l u m i n a t e d  p l a n e t  i s  t h e  background f o r  a p robe ,  
t h e  problem becomes more compl ica ted .  The b r i g h t n e s s  of t h e  Mars 
s u r f a c e  w i l l  b e  .15%13.4/R lamberts where .15 i s  t h e  geomet r i c  
a lbedo ,  13.4 i s  t h e  s o l a r  v i s u a l  c o n s t a n t ,  and R i s  t h e  d i s t a n c e  
from t h e  sun  i n  A . U . ' s .  P e r i h e l i o n  o f  Mars i s  1 .38  A . U . ,  hence t h e  
maximum b r i g h t n e s s  o f  Mars i s  1 . 0 6  lamberts.  I n  Refe rence  8,  t h e  
i l l u m i n a n c e  r e q u i r e d  f o r  v i s i b i l i t y  o f  a s t e a d y  s o u r c e  a g a i n s t  back- 
grounds o f  v a r i o u s  b r i g h t n e s s e s  was de termined .  The a u t h o r s  s t a t e  
t h a t  t h e  i l l u m i n a n c e  requi rements  may w e l l  b e  a f a c t o r  o f  two too 
large because  of t h e  manner i n  which t h e  exper iments  were conducted .  
Also a f l a s h i n g  l i g h t  may r e q u i r e  l ess  i l l u m i n a n c e  f o r  d e t e c t i o n  
t h a n  a s t e a d y  s o u r c e  b u t  t h i s  f a c t o r  was no t  c o n s i d e r e d .  For a 
background o f  1 . 0 6  lamberts,  t h e  i l l u m i n a n c e  r e q u i r e d  f o r  s t e a d y  
s o u r c e  v i s i b i l i t y  i s  35 lumens/km . 

2 

2 

Thus, t h e  i l l uminance  r equ i r emen t s  f o r  a f u l l y  i l l u m i n a t e d  
p l a n e t  background are 3.33 * 1 0  3 g r e a t e r  t h a n  t h e  r e q u i r e m e n t s  f o r  
a s t a r  f i e l d  background.. 
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4 Assuming a c a p a b i l i t y  o f  3.141~10 lumen-sec which i s  
t h e  o u t p u t  from a Xenon f l a s h t u b e * ,  v i s u a l  t r a c k i n g  o f  p r o b e s  
w i t h  a 40" t e l e s c o p e  i s  p o s s i b l e  a t  s e p a r a t i o n  d i s t a n c e s  less 
t h a n  1 . 7 3 ~ 1 0 ~  km.  The s e p a r a t i o n  d i s t a n c e  a t  t i m e  of  midcourse  
f o r  a Vm o f  1 0  km/sec and 4 hours  e a r l y  a r r i v a l  i s  1 . 3 8 ~ 1 0 ~  km 
which i m p l i e s  t h a t  p robes  a r r i v i n g  4 hour s  e a r l y  w i t h  V m f s  less  
t h a n  1 0  km/sec may be v i s u a l l y  t r a c k e d  a g a i n s t  an i l l u m i n a t e d  
p l a n e t  background. 

L o c a t i n g  MSSR Probes 

The l o c a t i o n  o f  an  MSSR probe  must b e  de te rmined  i n  
o r d e r  to s p e c i f y  t h e  launch  c o n d i t i o n s  t o  a c h i e v e  rendezvous 
w i t h  t h e  s p a c e c r a f t .  The MSSR l a n d s  11" beyond t h e  p l a n e t a r y  
l i m b ,  which r e q u i r e s  44 minutes  o f  p l a n e t  r o t a t i o n  b e f o r e  l i n e  
o f  s i g h t  c o n t a c t  w i t h  t h e  s p a c e c r a f t  i s  made. The MSSR p r o b e s  
a r r i v e  2 t o  4 hour s  e a r l y 5 ,  thus  l i n e  o f  s i g h t  i s  a v a i l a b l e  f o r  
1 t o  3 hour s  b e f o r e  s p a c e c r a f t  p e r i a p s i s .  A t  1 hour  b e f o r e  
s p a c e c r a f t  p e r i a p s i s  t h e  range to t h e  p l a n e t  i s  1 . 7 ~ 1 0 ~  k m  f o r  
a Vo3 of  4 km/sec and 3.9*lo4 k m  f o r  a V W of  1 0 . 0  km/sec. 
t hese  r anges  a n  MSSR i s  s u b r e s o l u t i o n  w i t h  a 40" t e l e s c o p e .  
The r e s u l t s  o f  t h e  p reced ing  s e c t i o n  show t h a t  a s t r o b e  l i g h t  
w o t t l d - b e  ~%siBk& 4Aeseqanges zven a r ~ a  f u l l y  LllumLnated- ~ 

p l a n e t .  The energy  requirement  o f  such  a s o u r c e  a t  a r ange  o f  
4 * l o 4  k m  i s  1674 lumen-sec. 
i s  34 j o u l e s  f o r  a strobe l i g h t  gene ra t ing  50 lumen-sec/ joule .  
Th1.1.s the M S S R  cou ld  be observed 1 h o u r  b e f o r e  s p a c e c r a f t  p e r i a p s i s .  

A t  

The energy  requi rement  p e r  f l a s h  

Con c 1 us i on 

V i s u a l  t r a c k i n g  of  p robes  w i t h  a 40" t e l e s c o p e  a g a i n s t  
a s t a r  f i e l d  background is  f e a s i b l e .  Assuming a Xenon s t r o b e  l i g h t  
w i t h  an o u t p u t  o f  31,400 lumen-sec r e q u i r i n g  600 j o u l e s  i n p u t ,  and 
a r e f l e c t o r  w i t h  a beam w i d t h  o f  5", and 50% e f f i c i e n c y ,  v i s u a l  
t r a c k i n g  o f  p robes  a g a i n s t  a f u l l y  i l l u m i n a t e d  p l a n e t  i s  p o s s i b l e  
f o r  e a r l y  a r r i v a l  times less t h a n  4 h o u r s .  The MSSR p r o b e s  can b e  
observed  on a f u l l y  i l l u m i n a t e d  p l a n e t  1 h o u r  b e f o r e  manned space-  
c r a f t  p e r i a p s i s  by u s i n g  a s t r o b e  l i g h t  r e q u i r i n g  less  t h a n  34 
j o u l e s  p e r  f l a sh .  

- _. -~ 

*EG & G I n c .  FX-29 r e q u i r e s  600  j o u l e s  i n p u t  and g e n e r a t e s  
4 3 . 1 4 ~ 1 0  lumen-sec. 
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